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(57) ABSTRACT

A hydraulic drive device for a hydraulic excavator, includes:
a first hydraulic pump; a first boom directional control valve
and a second arm directional control valve which are con-
nected in parallel to the first pump; a second hydraulic pump;
and a second boom directional control valve and a first arm
directional control valve which are connected in parallel to
the second pump; wherein: the hydraulic drive device also
includes: a third hydraulic pump; a third boom directional
control valve connected to the third pump and controlling the
flow of pressure oil supplied to a boom cylinder; and a third
arm directional control valve connected in tandem with the
third boom directional control valve and controlling the flow
of pressure oil supplied to an arm cylinder.

22 Claims, 3 Drawing Sheets
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1
HYDRAULIC DRIVE DEVICE FOR
WORKING MACHINE

TECHNICAL FIELD

The present invention relates to a hydraulic drive device for
a working machine which is provided with a working device
including a boom and an arm connected to the boom and
which can perform combined operation of boom raising and
arm crowding.

BACKGROUND ART

As this type technique according to the background art,
there is a technique disclosed in Patent Literature 1. In this
Patent Literature 1, disclosed is a working machine such as a
hydraulic excavator provided with a body including an upper-
structure, and a working device attached to the upperstruc-
ture, the working device including a boom which is connected
to the upperstructure so as to be rotatable in an up/down
direction, an arm which is connected to a distal end of the
boom so as to be rotatable in the up/down direction, a boom
cylinder which drives the boom, and an arm cylinder which
drives the arm. In this Patent Literature 1, disclosed is a
configuration in which a hydraulic circuit device provided in
the hydraulic excavator, that is, a hydraulic drive device
includes a first hydraulic pump and a second hydraulic pump
which supply pressure oil for operating the boom cylinder and
the arm cylinder respectively, a first boom directional control
valve connected to the first hydraulic pump and in parallel
with a second arm directional control valve so as to control a
flow of the pressure oil supplied to the boom cylinder, the
second arm directional control valve connected to the first
hydraulic pump and in parallel with the first boom directional
control valve so as to control a flow of the pressure oil sup-
plied to the arm cylinder, a second boom directional control
valve connected to the second hydraulic pump and in parallel
with a first arm directional control valve so as to control a flow
of'the pressure oil supplied to the boom cylinder, and the first
arm directional control valve connected to the second hydrau-
lic pump and in parallel with the second boom directional
control valve so as to control a flow of the pressure oil sup-
plied to the arm cylinder.

Though not shown in the aforementioned Patent Literature
1, as a hydraulic drive device provided in a working machine
such as a hydraulic excavator, it has been hitherto known that
a fixed throttle is provided on the upstream side of an arm
directional control valve which will serve as the low pressure
side during combined operation of boom raising and arm
crowding, in consideration of controllability during the com-
bined operation. As this type technology according to the
background art, there is a technique disclosed in Patent Lit-
erature 2.

In addition, though not shown in the aforementioned Patent
Literature 1, as ahydraulic drive device provided ina working
machine such as a hydraulic excavator, there has been hitherto
known a hydraulic drive device provided with a regenerative
circuit having a throttle which narrows a return pipe line so
that oil discharged from a rod chamber of an arm cylinder can
be regeneratively supplied to a bottom chamber during arm
crowding operation for moving down an arm by its own
weight. As this type technology according to the background
art, for example, there is a technique disclosed in Patent
Literature 3.
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CITATION LIST

Patent Literature

Patent Literature 1: JP-A-11-82416
Patent Literature 2: JP-A-8-13547
Patent Literature 3: JP-A-8-219107

SUMMARY OF INVENTION
Technical Problem

In a hydraulic drive device in which a hitherto known
technique as disclosed in Patent Literature 2 is taken into
consideration in the background-art technique disclosed in
the aforementioned Patent Literature 1, that is, in a back-
ground-art hydraulic drive device in which a pipe line on the
upstream side of an arm directional control valve serving as
the low pressure side is narrowed in order to ensure control-
lability in combined operation of boom raising and arm
crowding, the loss of pressure caused by the narrowing of the
pipe line is large so that a large load is applied to a hydraulic
pump. Thus, the pump efficiency is apt to be lowered. For that
reason, engine output must be increased in order to increase
the operation speed or the like to thereby improve the pro-
ductivity. As a result, the fuel cost increases. That is, in the
background art, it is difficult to obtain a greater energy saving
effect while improving the productivity.

In addition, in a hydraulic drive device in which a hitherto
known technique as disclosed in Patent Literature 3 is taken
into consideration in the background-art technique disclosed
in the aforementioned Patent Literature 1, that is, in a back-
ground-art hydraulic drive device in which a return pipe line
is narrowed to carry out regeneration during arm crowding,
the loss of pressure caused by the narrowing of the pipe line is
likewise large so that a large load is applied to a hydraulic
pump. Thus, the pump efficiency is apt to be lowered. For that
reason, engine output must be increased in order to increase
the operation speed or the like to thereby improve the pro-
ductivity. As a result, the fuel cost increases. That is, in the
background art, it is difficult to obtain a great energy saving
effect while improving the productivity.

The present invention was developed in consideration of
the aforementioned actual situation in the background art. An
object of the invention is to provide a hydraulic drive device
for a working machine, capable of performing combined
operation of boom raising and arm crowding without provid-
ing a throttle, and capable of performing arm crowding opera-
tion in the same manner as in the case where a regenerative
circuit having a throttle is provided.

Solution to Problem

In order to achieve the object, according to the invention,
there is provided a hydraulic drive device for a working
machine, the hydraulic drive device being provided in the
working machine including a body and a working device
attached to the body, the working device including a boom
connected to the body so as to be rotatable in an up/down
direction, an arm connected to a distal end of the boom so as
to be rotatable in the up/down direction, a boom cylinder
driving the boom, and an arm cylinder driving the arm, the
hydraulic drive device including: a first hydraulic pump and a
second hydraulic pump which supply pressure oil for operat-
ing the boom cylinder and the arm cylinder respectively; a
first boom directional control valve and a second arm direc-
tional control valve connected in parallel to the first hydraulic
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pump so that the first boom directional control valve controls
a flow of the pressure oil supplied to the boom cylinder and
the second arm directional control valve controls a flow of the
pressure oil supplied to the arm cylinder; and a second boom
directional control valve and a first arm directional control
valve connected in parallel to the second hydraulic pump so
that the second boom directional control valve controls a flow
of'the pressure oil supplied to the boom cylinder and the first
arm directional control valve controls a flow of the pressure
oil supplied to the arm cylinder; wherein: the hydraulic drive
device further includes: a third hydraulic pump which sup-
plies pressure oil for operating the boom cylinder and the arm
cylinder; a third boom directional control valve connected to
the third hydraulic pump so as to control a flow of the pressure
oil supplied to the boom cylinder; and a third arm directional
control valve connected in tandem with the third boom direc-
tional control valve so as to control a flow of the pressure oil
supplied to the arm cylinder.

According to the invention configured thus, during the
combined operation of boom raising and arm crowding, the
pressure oil of the third hydraulic pump is supplied to the
boom cylinder by priority through the third boom directional
control valve connected in tandem with the third arm direc-
tional control valve on the upstream side, so that the boom
cylinder can be operated to perform boom raising, while the
pressure oil of the first hydraulic pump is supplied to the arm
cylinder through the second arm directional control valve and
the pressure oil of the second hydraulic pump is supplied to
the arm cylinder through the first arm directional control
valve, that is, a sufficient flow rate of pressure oil is supplied
to the arm cylinder so that the arm cylinder can be operated to
perform arm crowding. In addition, the pressure oil can be
supplied to the boom directional control valve without nar-
rowing the pressure oil supplied to the arm directional control
valves during the boom raising operation and the arm crowd-
ing operation. Thus, the combined operation of boom raising
and arm crowding can be performed without providing a
throttle on the upstream side of the arm directional control
valves and the arm crowding operation can be performed
without providing a regenerative circuit having a throttle. It is
therefore possible to reduce a loss of pressure in the combined
operation of boom raising and arm crowding and a loss of
pressure in the arm crowding operation, so that it is possible
to improve the pump efficiency.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, wherein: the body
includes an upperstructure; and the hydraulic drive device
further includes a swing motor which drives the upperstruc-
ture, and a swing directional control valve which is connected
to the third hydraulic pump so as to control a flow of the
pressure oil supplied to the swing motor.

According to the invention configured thus, during the
combined operation of the swing, the boom and the arm, the
pressure oil of the third hydraulic pump is supplied to the
swing motor through the swing directional control valve and
to the boom cylinder through the third boom directional con-
trol valve, the pressure oil of the first hydraulic pump is
supplied to the boom cylinder through the first boom direc-
tional control valve or to the arm cylinder through the second
arm directional control valve, and further the pressure oil of
the second hydraulic pump is supplied to the boom cylinder
through the second boom directional control valve or to the
arm cylinder through the first arm directional control valve, so
that good combined controllability among the upperstructure,
the boom and the arm can be secured.

10

15

20

25

30

35

40

45

50

55

60

65

4

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, wherein: the third
boom directional control valve has a boom raising selection
position which is a selection position for rotating the boom
upward and a boom lowering selection position which is a
selection position for rotating the boom downward, and a
block port which blocks the supply of the pressure oil dis-
charged from the third hydraulic pump to the boom cylinder
is provided in the boom lowering selection position.

According to the invention configured thus, during the
combined operation of boom lowering and swing, the pres-
sure oil introduced from the third hydraulic pump to the third
boom directional control valve is blocked by the block port in
the boom lowering selection position of the third boom direc-
tional control valve, so that the pressure oil of the third
hydraulic pump can be supplied only to the swing motor
through the swing directional control valve. That is, swinging
can be performed independently without being affected by
the boom lowering operation, so that excellent acceleration of
swinging can be secured.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, wherein: the swing
directional control valve and the third boom directional con-
trol valve are connected in parallel.

According to the invention configured thus, during the
combined operation of boom raising and swing, the pressure
oil of the third hydraulic pump can be supplied to both the
boom cylinder and the swing motor through the third boom
directional control valve and the swing directional control
valve. In this manner, it is possible to perform boom raising
while suppressing the swing speed so that it is possible to
secure suitable controllability in the combined operation of
boom raising and swing to actual work.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, wherein: the work-
ing device includes a bucket connected to a distal end of the
arm so as to be rotatable in the up/down direction, and a
bucket cylinder operating the bucket; the hydraulic drive
device further includes a bucket directional control valve
which controls a flow of the pressure oil supplied to the bucket
cylinder; and the first boom directional control valve, the
second arm directional control valve and the bucket direc-
tional control valve are connected in parallel.

According to the invention configured thus, during the
combined operation of boom raising, arm crowding and
bucket crowding, the pressure oil of the third hydraulic pump
is supplied to the boom cylinder through the third boom
directional control valve, the pressure oil of the second
hydraulic pump is supplied to the arm cylinder through the
first arm directional control valve, and the pressure oil of the
first hydraulic pump is supplied to the bucket cylinder
through the bucket directional control valve, so that the com-
bined operation of boom raising, arm crowding and bucket
crowding can be performed. That is, the combined operation
of boom raising, arm crowding and bucket crowding can be
performed without the aid of a throttle, so that the loss of
pressure during the combined operation can be reduced.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, further including: a
first auxiliary directional control valve which is connected to
the second hydraulic pump; and an auxiliary flow combiner
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valve by which the pressure oil discharged from the first
hydraulic pump can be supplied to the first auxiliary direc-
tional control valve.

According to the invention configured thus, for example, a
first special attachment is connected to the arm and a first
actuator driving the first special attachment is provided so that
the first actuator can be controlled by the first auxiliary direc-
tional control valve. In this case, the pressure oil of the second
hydraulic pump is supplied to the first actuator through the
first auxiliary directional control valve so that the first special
attachment can be driven. In addition, when the first special
attachment is driven at a high operating speed, the auxiliary
flow combiner valve is selected so that the pressure oil of the
first hydraulic pump can be supplied to the first actuator
through the auxiliary flow combiner valve and the first aux-
iliary directional control valve. That is, the pressure oil of the
first hydraulic pump and the pressure oil of the second
hydraulic pump can be combined and supplied to the first
actuator through the first auxiliary directional control valve so
as to drive the first special attachment at a high operating
speed.

In addition, during the combined operation where the
aforementioned first special attachment is combined with the
boom and the arm, for example, the pressure oil of the second
hydraulic pump is supplied to the first auxiliary directional
control valve or the pressure oil of the first hydraulic pump
and the pressure oil of the second hydraulic pump are com-
bined to operate the first actuator to drive the first special
attachment, while the pressure oil of the third hydraulic pump
is supplied to the boom cylinder or the arm cylinder through
the third boom directional control valve or the third arm
directional control valve so that the boom or the arm can be
driven. That is, the combined operation where the first special
attachment is thus combined with the boom and the arm can
be carried out without the aid of a throttle. Thus, there is no
fear that the loss of pressure caused by the throttle may be
generated.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, further including: a
second auxiliary directional control valve which is connected
to the third hydraulic pump.

According to the invention configured thus, for example, a
second special attachment is connected to the arm, and a
second actuator driving the second special attachment is pro-
vided so that the second actuator can be controlled by the
second auxiliary directional control valve. In this case, the
pressure oil of the third hydraulic pump can be supplied to the
second actuator through the second auxiliary directional con-
trol valve to drive the second special attachment. Incidentally,
the second auxiliary directional control valve can be easily
exchanged for a second bucket directional control valve for
accelerating the bucket if occasion demands. In this manner,
when the second bucket directional control valve is provided
in place of the second auxiliary directional control valve, the
pressure oil of the third hydraulic pump can be combined with
the pressure oil of the first hydraulic pump through the second
bucket directional control valve and supplied to the bucket
cylinder, so that the operating speed of the bucket can be
accelerated.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, wherein: the swing
directional control valve, the third boom directional control
valve and the second auxiliary directional control valve are
connected in parallel.
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According to the invention configured thus, the pressure oil
of the third hydraulic pump is supplied to the swing motor
through the swing directional control valve and concurrently
supplied to the second actuator through the second auxiliary
directional control valve, so that the combined operation
where swinging is combined with the second special attach-
ment can be carried out.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, wherein: the sec-
ond auxiliary directional control valve has an additional
pump port to which an additional hydraulic pump can be
connected.

According to the invention configured thus, an additional
hydraulic pump may be connected to the additional pump
port of the second auxiliary directional control valve through
a pipe arrangement so that the pressure oil of the additional
hydraulic pump can be supplied to the second special attach-
ment through the second auxiliary directional control valve
and the second actuator. That is, the second special attach-
ment can be driven independently of the operation of the
swing, the boom and the arm.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, wherein: the sec-
ond boom directional control valve, the first arm directional
control valve and the first auxiliary directional control valve
are connected in parallel.

According to the invention configured thus, the pressure oil
of'the second hydraulic pump is supplied to the first auxiliary
directional control valve or the pressure oil of the firsthydrau-
lic pump and the pressure oil of the second hydraulic pump
are combined and supplied to the first auxiliary directional
control valve, so that, for example, the first actuator con-
trolled by the first auxiliary directional control valve can be
operated to drive the first special attachment. At the same
time, the placement of the swing directional control valve and
the placement of the first auxiliary directional control valve
can be exchanged for each other easily if occasion demands.
When the swing directional control valve and the first auxil-
iary directional control valve can be exchanged for each other
in this manner, the first auxiliary directional control valve and
the second auxiliary directional control valve are connected
to the third hydraulic pump so that the pressure oil of the
second hydraulic pump can be supplied to the swing motor
through the swing directional control valve to thereby swing
the upperstructure, while drive circuits for the first and second
special attachments controlled by the first and second auxil-
iary directional control valves can be made independent and
driven by the pressure oil of the third hydraulic pump.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, further including: a
regenerative circuit which is provided in the boom lowering
selection position of the third boom directional control valve
so that the oil discharged from a bottom chamber of the boom
cylinder can be regeneratively supplied to a rod chamber of
the boom cylinder during the boom lowering operation; and a
boom directional control valve control unit which holds the
third boom directional control valve in the boom lowering
selection position and holds the first boom directional control
valve and the second boom directional control valve in neutral
positions when bottom pressure of the boom cylinder is not
lower than a predetermined pressure during the boom lower-
ing operation, and which holds the third boom directional
control valve in the boom lowering selection position, holds
the first boom directional control valve in the boom lowering
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selection position where the pressure oil discharged from the
first hydraulic pump can be supplied to the rod chamber of the
boom cylinder, and holds the second boom directional control
valve in the boom lowering selection position where the pres-
sure oil discharged from the second hydraulic pump can be
supplied to the rod chamber of the boom cylinder when the
bottom pressure of the boom cylinder is lower than the pre-
determined pressure during the boom lowering operation.

According to the invention configured thus, when the
operation of boom lowering is carried out in the air, the boom
moves down due to its own weight. In the meantime, the
bottom pressure of the boom cylinder reaches the predeter-
mined pressure or higher. On this occasion, by the boom
directional control valve control unit, the third boom direc-
tional control valve is held in the boom lowering selection
position, and the first boom directional control valve and the
second boom directional control valve are held in the neutral
positions. As a result, the oil discharged from the bottom
chamber of the boom cylinder is regeneratively supplied to
the rod chamber of the boom cylinder through the regenera-
tive circuit provided in the boom lowering selection position
of the third boom directional control valve. Thus, the boom
cylinder can retract to carry out the operation of boom low-
ering. That is, the pressure oil of the first hydraulic pump, the
pressure oil of the second hydraulic pump and the pressure oil
of the third hydraulic pump are not supplied to the boom
cylinder, but the flow rates discharged from the first hydraulic
pump, the second hydraulic pump and the third hydraulic
pump can be minimized. In this manner, the energy consump-
tion can be limited to the minimum.

In addition, when boom lowering is carried out in the state
where the boom is on the ground or the like, that is, when
jack-up operation is performed, the bottom pressure of the
boom cylinder becomes a low pressure which does not reach
the aforementioned predetermined pressure. On this occa-
sion, due to the control of the boom directional control valve
control unit, the third boom directional control valve is
changed over to the boom lowering selection position and the
first boom directional control valve and the second boom
directional control valve are changed over to the boom low-
ering selection positions respectively. Thus, the pressure oil
of the first hydraulic pump is supplied to the boom cylinder
through the first boom directional control valve and the pres-
sure oil of the second hydraulic pump is supplied to the boom
cylinder through the second boom directional control valve,
so that desired jack-up operation can be performed.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, further including:
an open valve which is provided in a return pipe line connect-
ing a tank and at least one of the first arm directional control
valve, the second arm directional control valve and the third
arm directional control valve, so that the open valve keeps a
small opening amount when the arm is not operated, and
increases the opening amount with the increase of an opera-
tion amount of the arm during the arm crowding operation.

According to the invention configured thus, when the
operation of arm crowding is performed, the open valve has a
small opening amount at the beginning of the operation.
Accordingly, the amount of oil returned from the rod chamber
of'the arm cylinder to the tank through the corresponding arm
directional control valve and the open valve is small enough
to decelerate the operating speed of arm crowding. Thus, the
arm begins to move down slowly due to the pressure oil
supplied to the bottom chamber of the arm cylinder from the
corresponding one of the first, second and third hydraulic
pumps. As a result, impact at the beginning of the operation of
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arm crowding can be prevented from occurring. In addition,
when the operation amount increases, the opening amount of
the open valve increases to increase the amount of oil returned
from the rod chamber of the arm cylinder to the tank through
the corresponding arm directional control valve and the open
valve. Thus, the operating speed of arm crowding is acceler-
ated so that the arm moves down quickly. As a result, good
controllability in the operation of arm crowding can be
secured. Incidentally, when the opening amount of the open
valve increases after the beginning of the operation of arm
crowding, the arm cylinder can be operated with a small thrust
force because the rod pressure of the arm cylinder decreases
to be about as low as the tank pressure. That is, the load
pressure for the operation of arm crowding can be reduced so
that the pump efficiency of the corresponding hydraulic pump
can be improved.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, further including: a
first variable throttle which is provided on an upstream side of
the second arm directional control valve.

According to the invention configured thus, the supply of
the pressure oil of the first hydraulic pump to the second arm
directional control valve forming the low pressure side can be
limited by the first variable throttle during the combined
operation of arm crowding and bucket crowding, so that the
pressure oil of the first hydraulic pump can be supplied to the
bucket cylinder by priority through the bucket directional
control valve so as to operate the bucket cylinder. The arm
cylinder is supplied with the pressure oil of the second
hydraulic pump through the first arm directional control valve
and with the pressure oil of the third hydraulic pump through
the third arm directional control valve so that the arm cylinder
can be operated. That is, itis possible to increase the operating
speed of the bucket while securing the speed of the arm.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, further including: a
second variable throttle which is provided on an upstream
side of the first arm directional control valve.

According to the invention configured thus, for example, a
first special attachment is connected to the arm and a first
actuator for driving the first special attachment is provided
and controlled by the first auxiliary directional control valve.
In this case, the pressure oil of the second hydraulic pump can
be supplied to the first actuator through the first auxiliary
directional control valve to operate the first actuator while the
flow of the pressure oil of the second hydraulic pump to the
first arm directional control valve forming the low pressure
side is suppressed by the second variable throttle during the
four-combined operation of boom raising, arm crowding,
bucket crowding and the first special attachment. That is, the
pressure oil of the first hydraulic pump is supplied to the
bucket cylinder by priority through the bucket directional
control valve and the pressure oil of the second hydraulic
pump is supplied to the arm cylinder through the second
variable throttle and the first arm directional control valve
while the pressure oil of the second hydraulic pump is also
supplied to the first actuator through the first auxiliary direc-
tional control valve, and the pressure oil of the third hydraulic
pump is supplied to the boom cylinder through the third boom
directional control valve. Thus, the four-combined operation
of'boom raising, arm crowding, bucket crowding and the first
special attachment can be carried out.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, further including: a
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discharge pressure detection unit which detects at least dis-
charge pressure of the second hydraulic pump, of discharge
pressure of the first hydraulic pump, the discharge pressure of
the second hydraulic pump and discharge pressure of the third
hydraulic pump; a directional control valve neutral holding
unit which holds the third boom directional control valve and
the third arm directional control valve in neutral positions
when the discharge pressure detected by the discharge pres-
sure detection unit is not lower than a predetermined pressure;
and a pump control cancel unit which cancels pump swash
angle control on the third hydraulic pump when the discharge
pressure is not lower than the predetermined pressure.

According to the invention configured thus, the discharge
pressure of the hydraulic pump detected by the discharge
pressure detection unit reaches the predetermined pressure or
higher when the work of heavy duty digging requiring a large
digging force is performed, for example, by the combined
operation of arm crowding and bucket crowding. On this
occasion, the third boom directional control valve and the
third arm directional control valve are held in the neutral
positions by the directional control valve neutral holding unit,
while pump swash angle control on the third hydraulic pump
is canceled by the pump control cancel unit. Accordingly, the
pressure oil of the first hydraulic pump is supplied to the
bucket cylinder by priority through the bucket directional
control valve, and the pressure oil of the second hydraulic
pump is supplied to the arm cylinder through the first arm
directional control valve. Thus, the combined operation of
arm crowding and bucket crowding during the work of heavy
duty digging can be performed by the control on the first
hydraulic pump and the pump swash angle control on the
second hydraulic pump without causing deterioration in the
pump efficiency while good controllability is secured.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, wherein: the
hydraulic drive device further includes an engine; of the first
hydraulic pump, the second hydraulic pump and the third
hydraulic pump, at least the third hydraulic pump consists of
a variable displacement hydraulic pump which is driven by
the engine; and the hydraulic drive device further includes a
third hydraulic pump swash angle control unit which is pro-
vided to keep pump swash angle control on the third hydraulic
pump not executed when operation of the arm is an arm
crowding operation.

According to the invention configured thus, pump swash
angle control on the third hydraulic pump is not performed by
the third hydraulic pump swash angle control unit during the
operation of arm crowding. Accordingly, the pressure oil of
the first hydraulic pump is supplied to the arm cylinder
through the second arm directional control valve, and the
pressure oil of the second hydraulic pump is supplied to the
arm cylinder through the first arm directional control valve, so
that the arm cylinder can be operated by those pressure oils so
as to perform arm crowding. That is, the operation of arm
crowding can be performed without causing deterioration in
the pump efficiency while good controllability is secured.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, wherein: the
hydraulic drive device further includes an engine; of the first
hydraulic pump, the second hydraulic pump and the third
hydraulic pump, at least the first hydraulic pump consists of a
variable displacement hydraulic pump which is driven by the
engine; and the hydraulic drive device further includes a first
hydraulic pump swash angle control unit which is provided to
make control to increase a swash angle of the first hydraulic
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pump when bottom pressure of the boom cylinder is lower
than a predetermined pressure during the boom lowering
operation.

According to the invention configured thus, when the bot-
tom pressure of the boom cylinder does not reach the prede-
termined pressure during the operation of boom raising, that
is, when jack-up operation is performed, control to increase
the swash angle ofthe first hydraulic pump, that is, to increase
a flow rate from the first hydraulic pump is made by the first
hydraulic pump swash angle control unit so that the increased
flow rate is supplied to the boom cylinder through the first
boom directional control valve. Thus, the jack-up operation
can be performed while the influence on the pump efficiency
is kept minimal.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, further including: a
first flow rate limit control unit which limits a flow rate dis-
charged from the first hydraulic pump to a predetermined rate
lower than a maximum flow rate which can be discharged by
the first hydraulic pump; a second flow rate limit control unit
which limits a flow rate discharged from the second hydraulic
pump to a predetermined rate lower than a maximum flow rate
which can be discharged by the second hydraulic pump; and
a third flow rate limit control unit which limits a flow rate
discharged from the third hydraulic pump to a predetermined
rate lower than a maximum flow rate which can be discharged
by the third hydraulic pump.

According to the invention configured thus, the first flow
rate limit control unit, the second flow rate limit control unit
and the third flow rate limit control unit are operated selec-
tively to limit the flow rates of pressure oils discharged from
corresponding ones of the first hydraulic pump, the second
hydraulic pump and the third hydraulic pump. Thus, a desired
combined operation such as the combined operation of the
arm and the special attachment or the combined operation of
the bucket and the special attachment can be performed with
minimum necessary flow rates, so that the pump efficiency
can be improved.

In addition, according to the invention, there provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, further including: a
first torque control unit which can variably control pump
torque of the first hydraulic pump; a second torque control
unit which can variably control pump torque of the second
hydraulic pump; and a third torque control unit which can
variably control pump torque of the third hydraulic pump.

According to the invention configured thus, the first torque
control unit, the second torque control unit and the third
torque control unit are operated selectively to control pump
torques of corresponding ones of the first hydraulic pump, the
second hydraulic pump and the third hydraulic pump. Thus,
the total value of the pump torques is kept not to exceed the
output torque of the engine, while the distribution of the flow
rates of the pressure oils discharged from the corresponding
ones of the first hydraulic pump, the second hydraulic pump
and the third hydraulic pump is kept suitable, so that the pump
efficiency can be improved while good controllability in the
combined operation is secured.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, further including: a
first torque control unit which can variably control pump
torque of the first hydraulic pump and pump torque of the
second hydraulic pump concurrently; and a second torque
control unit which can variably control pump torque of the
third hydraulic pump.
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According to the invention configured thus, the first torque
control unit and the second torque control unit are operated
selectively to control pump torques of corresponding ones of
the first hydraulic pump, the second hydraulic pump and the
third hydraulic pump. Thus, due to the two torque control
units for the pump torques of the three hydraulic pumps, the
total value of the pump torques is kept not to exceed the output
torque of the engine, while the distribution of the flow rates of
the pressure oils discharged from the corresponding ones of
the first hydraulic pump, the second hydraulic pump and the
third hydraulic pump is kept suitable, so that the pump effi-
ciency can be improved while good controllability in com-
bined operation is secured. In addition, the control targets are
the two torque control units so that it is easy to construct a
control circuit.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, wherein: the
hydraulic drive device further includes an engine; the work-
ing device further includes a bucket connected to a distal end
of'the arm so as to be rotatable in the up/down direction, and
a bucket cylinder operating the bucket; the hydraulic drive
device further includes a bucket directional control valve
which controls a flow of the pressure oil supplied to the bucket
cylinder; the first hydraulic pump, the second hydraulic pump
and the third hydraulic pump consist of variable displacement
hydraulic pumps which are driven by the engine, respec-
tively; the hydraulic drive device further includes a first
torque control unit which can variably control pump torque of
the first hydraulic pump, a second torque control unit which
can variably control pump torque of the second hydraulic
pump, and a third torque control unit which can variably
control pump torque of the third hydraulic pump; and the first
torque control unit makes control to increase the pump torque
of'the first hydraulic pump during combined operation of the
upperstructure and the bucket.

According to the invention configured thus, for example,
the upperstructure and the bucket are swung from a dumping
site to a digging site in order to dig soil etc. and dump the dug
soil through the combined operation of the upperstructure and
the bucket. In this case, the pump torque of the first hydraulic
pump is increased by the first torque control unit so as to
increase the flow rate of the pressure oil supplied from the first
hydraulic pump to the bucket cylinder. Thus, the operating
speed of the bucket cylinder can be increased. That is, the
operation of bucket crowding is performed at a high operating
speed till the upperstructure and the bucket return to the
digging site. Thus, the bucket can be resumed to a working
posture preferable for digging with a predetermined biting
angle of its blade edge with respect to the ground. In this
manner, it is possible to improve the working efficiency in the
digging work.

In addition, according to the invention, there is provided a
hydraulic drive device for a working machine in the afore-
mentioned configuration of the invention, wherein: the
hydraulic drive device further includes an engine; the work-
ing device further includes a bucket connected to a distal end
of'the arm so as to be rotatable in the up/down direction, and
a bucket cylinder operating the bucket; the hydraulic drive
device further includes a bucket directional control valve
which controls a flow of the pressure oil supplied to the bucket
cylinder; the first hydraulic pump, the second hydraulic pump
and the third hydraulic pump consist of variable displacement
hydraulic pumps which are driven by the engine, respec-
tively; the hydraulic drive device further includes a first
torque control unit which can variably control pump torque of
the first hydraulic pump and pump torque of the second
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hydraulic pump concurrently, and a second torque control
unit which can variably control pump torque of the third
hydraulic pump; and the first torque control unit makes con-
trol to increase the pump torque of the first hydraulic pump
and the pump torque of the second hydraulic pump during
combined operation of the upperstructure and the bucket.

Also according to the invention configured thus, for
example, the upperstructure and the bucket are swung from a
dumping site to a digging site in order to dig soil etc. and
dump the dug soil through the combined operation of the
swing and the bucket in the same manner as in the above
description. In this case, the pump torques of the first and
second hydraulic pumps are increased by the first torque
control unit so as to increase the flow rate of the pressure oil
supplied from the first hydraulic pump to the bucket cylinder.
Thus, the operating speed of the bucket cylinder can be
increased. That is, the operation of bucket crowding is per-
formed at a high operating speed till the upperstructure and
the bucket return to the digging site. Thus, the bucket can be
resumed to a working posture preferable for digging with a
predetermined biting angle of its blade edge with respect to
the ground. In this manner, it is possible to improve the
working efficiency in the digging work.

Advantageous Effects of Invention

According to the invention, configuration is made so thata
first boom directional control valve and a second arm direc-
tional control valve are connected in parallel to a first hydrau-
lic pump, a second boom directional control valve and a first
arm directional control valve are connected in parallel to a
second hydraulic pump, a third hydraulic pump is provided, a
third boom directional control valve is connected to the third
hydraulic pump, and a third arm directional control valve is
connected in tandem with the third boom directional control
valve.

Due to this configuration, according to the invention, dur-
ing the combined operation of boom raising and arm crowd-
ing, the boom raising can be performed by pressure oil of the
third hydraulic pump, and the arm crowding can be per-
formed with a sufficient flow rate of pressure oil supplied
from the first hydraulic pump and the second hydraulic pump.
That is, according to the invention, the combined operation of
boom raising and arm crowding can be performed without
providing a thr